Abstract: A glass syringe with disposable membrane filters was tested as a constant-flow air sampling device. The principle of this sampling device is straightforward: when the syringe is inverted vertically, the syringe plunger falls at a constant speed if an appropriate flow restrictor is connected at the syringe inlet. In case of a 100 ml syringe with two Teflon membrane filters of 0.50 pm in pore size and 3 mm in diameter, the flow rate was 3 ml/min. The flow rate was constant for a 15-minute sampling period when two to eight filters were used as a flow restrictor. A sample volume of less than 50 ml is sufficient for the determination of prganic solvent vapor at the ppm level, when gas chromatography with thermal desorption method is employed. Therefore, this sampling device is useful for determining the time-weighted average concentrations of organic solvent vapor in a working environment.
A solid sorbent sampling followed by thermal desorption GC analysis have been used to determine volatile pollutants in the atmosphere.
Besides its low detection limit, this method has an advantage that there is no interference by a large solvent peak in chromatogram, because no solvent is used to desorb analytes. Therefore, this method is also suitable for analyzing pollutants in work environments where 10 to 15-minute time-weighted average concentrations of organic solvents are measured. To prevent overloading a GC column, the sample volume should be less than 50 ml if organic solvents at greater than ppm concentration are to be measured by GC using the thermal desorption method.
For this purpose, a sampling device that operates at such rates as low as several milliliters per minute is required. Therefore, a glass syringe fitted with small disposable filters as a flow restrictor was examined to assess its ability to sample small volumes of air at a constant flow rate.
The sampling device, shown in Figure 1 , was made of an interchangeable glass syringe (100 ml) fitted with two to eight disposable Teflon-membrane filters (DISMIC-03JP, Advantec Toyo, Tokyo) with 0.5 µm pore size and a diameter of 3 mm, and a miniature magnetic valve (JTV-2, Takasago Denki Kogyo, Nagoya). Filters were connected between the syringe and the valve using Tygon tubing and luer connectors. The valve was driven by eight 3A batteries, and the circuit was switched by a darlington transistor interfaced to a timer.
A sampling tube was connected to the sampler and the syringe was then inverted vertically so that its plunger would fall. To sample air, the magnetic valve was opened for fifteen minutes by starting the timer.
The air-flow rate of this sampling system was measured using a mass flow meter connected at the inlet of the sampling tube, which contained 300 mg of Porapack Q as an adsorbent.
The output of the flow meter was digitized every 0.5 seconds, using an AD convertor, and stored in a computer. {Th e movement of the plunger while the syringe was kept inverted is described as follows; At time t, a linear flow rate v(t) through the filter(s) is proportional to a pressure difference P(t)' ~:
A sampled volume V'(t) under atmospheric pressure is expressed using a crosssection of the filter s as follows:
For an atmospheric pressure P0, the volume of this air inside the syringe (V(t)) is, plunger) is,
According to Newton's law of motion, a equation of motion for a plunger of mass M (where g is the standard acceleration of free fall) is, M d2x(t) = Mg-P(t)S dt2
By solving these equations under the assumptions that P(t) << P0, i.e., V' is equal to V, that the momentum of the sampled air was negligible, and that the boundary conditions of x(0) = 0, and dx(0)/dt = 0, we obtain a solution:
The falling speed of the plunger is:
This equation shows that the speed of the plunger becomes a limiting speed of Kg after several K seconds. Figure 2 shows the air-flow rates obtained when two i to eight filters were used as a restrictor. In each case, flow rate constancy was maintained. Although the time constant K calculated from the pressure difference, cross-sections and the mass of the plunger was in they microsecond range, the measured flow rate became constant after several seconds. This discrepancy between theory and experimental result was primarily due to the much longer response time of the mass flow meter. The pressure inside the syringe was L4.4 cmH2O lower than the atmospheric pressure, which was close to the calculated value of 14.3 cmH2O by the mass and the cross-section of the plunger , and did not change whether the plunger was in motion or not. Therefore, friction between the plunger and the syringe barrel was negligible. Figure 3 shows the flow rates when the syringe was inclined at 5 or 10 degrees. In these cases the flow rate gradually decreased because the friction between the plunger and the barrel increase as the plunger descended. The flow rates at the end of the sampling period were 2, 3 and 10% lower than the initial plateau flow rates at inclination of 0°, 5° and l0°, respectively. The 5° inclination is visually detectable and easy to set the syringe vertically within this range. The volume of air sampled was measured by the syringe graduations. The sample volume under atmospheric pressure Po can be calculated as follows. Read the volumes of air when the syringe was inverted (Vl) and upright (Vh). For a pressure difference of P' due to the plunger, and taking into account the dead volume inside the tubing, the volume V is, V = (Vl + Vh)/2 -P' (Vl -Vh)/Po. P' was around 0.014 atm and (Vh -Vl)/(V1 + Vh) yields a value in this range, so the second term may be omitted. Air leakage through the connections and Fig. 3 
